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BALLISTIC RESEARCI*LABORATORIES : )
MEMORANDUM'REPORT NO, 462 N

Weiss/Stein/ak
Aberdeeh Proving Ground, Md
21 May 1947

AIRPLANE VULNERABILITY AND OVERALL ARMAMENT EFFECTIVNESS

4
H

o H

Part I of this report presents the ekperimental determination of the ter-
minal ballistic effectiveness of the various rounds fired for impact on aircraft
targets. Included are the vulnerabilities of both gasoling and- kerosene-filled fuél
tanks, air-cooled and liquid-cooled reciprocating engines, jet engines, and' medium ,_
bomber structure, to the various rounds,

>

Part I of the report estimates overall vulnerability of theP-47 fighter and 4
the B-25 bomber, to fire against the P-47from the front and below and against {ii T
B-25from the rear and above, both from a range of 500-yards, Vuinerabilities:are .
presented for from.one to ten hits on the target. -

Part Ti urilized the terminal tallistic data presented in'the first two parts o
and develops and employs methods jor obtaining the overall assessments of arma-
ment for a bomber turret and for-a fixed gun fighter. In this part are considered . 4
the gun and ammunition characterxstxcs, installation weights, distributioniof weight

I. o
between guns and ammunition, the problem of Lactlcs and effectiveness, and the N
probability of hitting, 5 ;
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INTRODUCTION

The so-called "Optimum Caliber Program”was initiated under tne authority of File.00 4.00.112/
21424 (c) on 23 July 1945. Actual firings against aircraft on the ground have been under way for over a year.
In this ttme 287 aircraft of various types have been completely expended.and 5 aircraft have béen partly ex-

* pended. Since 2 single twin-engined aircraft contributes two engines to the engine phase of the program,

fuel cells to the fuel ignition phase, and a structure to the structures phase, it wili be appreciated thata
tremendous amount of detailed iniormation is available regarding damage to all of the components of an
airplane. )

Insofar as future aircraft are composed of similar structure, fuel cells, or powered by similar en-
gines, the information pbtained in the present tests can be.applied directly to the corresponding components
of other aircraft, with due correction for presented areas and physical arrangement. For slight struct-
ural changes, the vulnerability of future aircraft can be estimated. When certain components only are
radically different (such as advanced designs of jet engines as opposed to the obsolescent I-16 jet engines
available for these firings) some estimation is possible, but in any event, only the new component need be
subjected to damage tests for the estimation of the overall vulnerability of the new aircraft.

The purpose of the Optimum Caliber Program is not only to determine the probabiltty that a single
round of present ammunition striking an airplane will cavse damage in the various possible categories, but
also to assess the overall effectiveness of complete armament installations, with the object of indicating ,
the answer to the whole problem,-what armament should be carried by aircrait to meet various tactical
situations. )

The present report therefore represents a progress report on the two complementary portions of
the Optimum Caliber Program. In the first section of this report the results of the sciual firings against
aircrajt are reported, and the conditional probabilities of damage resulting from a hit are determined
from the experimental information. In some cases confidence limits are presented to indicate uncertainties
in the information, Methods are given for combining the component probabilities to give the overall prob-
abtlities that the airplane wili be destroyed if it receives any arbitrary number of hits. The second portion
of the report is concerned wtth the events that lead up to the impact of rounds ¢n the airplane, Tactics,
fire control, exterior ballistics, armament weight, rate of fire, and dispersion, are a few of the variables
which ex;ter this discussion. Comparisons of armament are made for simple tactical situations, limited
by the range of field data available at the time of writing.

Methods of analysis as well as the values obtained from the experimental firings are subject to
modification as the study progresses and more information is made available. The indications of the pre-
sent report should be considered therefore, not as a final evaluation of the comparative performance of the
weapons involved, but as an indication of the work being done, and é.s a tentative preview of the sort of re-
sults which it is hoped t attain as the program progresies.
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: S (RN The fresent report is concerned with the analysis.of iripact firings on aircrait carried vut at Aber-
- ] ; ‘ dsen Proving Ground, through December 1946, A prior report1 presented analysis of the firlngs up to May .
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Tal L ~ 1345, A Qetailed description of the methods of testing and damage assessment employed in the Optimum
‘ § =0 Cahbs'r Program iS con:l:aiﬁed in the first report.. Only such information-as.is required for the understari-
I irg of thedata presented in the éucceeding paragraphs will be noted-in the rresent report.
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n STATUS OF THE PROGRAM
' “Ths frefor portion of the firings covered by this report were conducted against B-25 twin-engined

e Kruae AR R dronm s et

»

o memu:: bombers at z-racge of 500 yards. A number-of tests were also made against liquid-coolea engines
. in tke D-ZBiighter, 1-d6turbo-jet engines in the P-59 fighter, gasoline and kerosene-filled fuel tanks of the

T BSI5eia KeroSene-filled {anks in the P-59.

Arpendix A lists the number of-firings in each phase with the various calibers and type of ammuni-
icn-employed. Whiie most of the firings were varried out at a ground range of 500 yards, it must be re~
memtered that ranges at which the sume striking velocity would be obtained in zerial combat vary with the
ralative velocities of the aireraft and with altitude. Table I presents the chief allocations of aircraft to
future firings 2s now contempiated. , In addition to this program, certain supplementary firings are antici-
pated. The choice of othér ranges for supplementary firings will be made to give striking velocities obtain-
ed in those tactical situations in which it is desired to evaluate the effectiveness of the weapons.

For example, rounds fired from aircraft approaching head on at high altitude may have much high-

er strikieg velseities than these shiained in ground firings at 500 yards. & is therefore anticipateq that

supFiemencary firings will be arranged under conditions providing these high striking velocities. The ex-
tent and precise ranges for thess firings are dependent upon the resulis to be vbiained in the current
series of firings, and are not yet determined. It is expected that the number of aircraft involved will be
relatively small compared to those fired at 509 and 1000 yards. Firings at 1000 yards are now in progress

ard i* is expected that analysis of these firings will form the basis of a later repart.

BASIS FOR ASSESSMENTS OF DAMAGE

w3 Report 437. The following brief summary pertains chiefly to the
2Lrzsnes rercrted on in the present report

- TEtimum Talicer I
SEl, Ly e,

Acw s e

*egram, Ballisue Research Laborateries Memorandum Report No, 437, by Arthur
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TABLE 1

Future Requirements, Optimum Caliber Prugram, 14 February 1947

Phase . Range Range Total
A. Impact 500 yards 1000 yards
1. B-25 Engines 73 60 133 Engines
2. P-59 Jet Units 14 0 14 Engines
3. P-47 Engines 117 40 157 Engines
4. (a) B-25 Structures 42 39 B1 Planes*
(b) B-25 with Remain- 66 Q 66 Plines*
ing Energy Plates
5. P-47 Structures 75 0 75 Planes*
6. P-38 Fuel Tanks
(a) Gasoline Filled 24 32 56 Planes
(b) Kerosene Filled 23 31 54 Dlanesg
with Armor Pro-
tection
(c) Gasoline Filled 21 0 21 Planes
(d) Kerosene Filled 23 0 . 23 Planes
7. P-59 Fuel Tanks
(a) Kerosene Filled 9 0 9. Planes
B. Air-Burst
1. 75mm vs. B-25 Engines, 10 Planes
Structures, Fuel Tanks . .
2. 105mn: vs. B-25 Engines, ‘24 Planes
Structure, Fuel Tanks
C. Blast
1.” P-59 Jet Units 6 Units
D. Controlled Fragmentation
1. B-2) Engines, Structure, 150 Planes
Fuel Tanks
2. P-5% Jet Units and Fuel 12 Units (8 Planes)
Tanks = .

3. F6F, B17, B29 Undeter‘mined

* Piring to be conducted against possible vulnerable areas rather than entire plane,

Assessments consist of both a qualitative description and-nrumerical.assessment of the-damage
caused by each round impacting on the target. Damage is described with sufficient thoroughness so that in-
terested agencies may make wider use of the results than would be permitted by numerical assessments
alone. In general, description.of damage includes the location of the point of impact, of the point of func-
tioning if an H.E. or incendiary projectile, of significant perforations, of effect of armor, of fire or other
types of damage and of points of exit. Description of the type of functioning of H.E. or incendiary is made.
The extent of fuel tank leakage, slowing or sputtering of an engine, l0oosening or jamming of control sur-
faces, blast effect on the particular type of structure and similar pertinent observations are recorded, In
tests on the running engines, the cylinder head témperatures,.manifold pressures.and.R,B.M. are:ail:re-
corded. Small fragment holes which are not considered damaging are usvally racorded in nuraber only-with

lower and upper limit of size, Also in the description of damage are’ included such qualifying statements as
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\ ! V_ ' make tha numerlcal assessments more mean[x\gful such as speciax assumpﬂons of .flight conditions not be classed as "C" damage. An Immediate kill, KK, implles 100 "C" daniagé. In assessing "C" dan.age, or ) .
« 52 ;; - fc' e prevlously consmered These assessments are then issued tn the form ‘of Aberdeen Préving Ground Fir- in fact any category of damage, it.is assumed that the pilot will remain with the-vlane and try to-prose- s
L . % P ing Recor ds.. . S et cute the attack, even though "balling out" is feasible. The assumption-that the aitack is 2 1/2 minutes a-

KA " sy T 1-: et i Asses smen*s of alrcraft ddmage often will vary-according to the Atactical situation, For this reason, way is also an important one in cvaluating "C" damage. "C" damage will be treated in a later report.
N __o__j_ ‘,V T sodionsi .&sSumpticris must be madetowhich HHe assessmetits 4pply: The following assumptlons, com- #® 'E"Damage is the probability that the plane will be structurally damaged while landing. (D" dam- ’
S : phe d»from combit reports and assessors conferences, are made With regard.to the>B-25 medium bomber, age, which-pertained to man hours required for rcpair of -damage has been omitted and s not assess.d.) '
° ;" : LA mhes alrc*aft.lsqn Jthsht, at-ancaltituderof 10;000 ft., with & spéed:0f 200 m.p:h. IAS, on a "E" damage will be treated in a later report. .
) W7 “ '-:*—;—_m ;‘:ﬁzﬁ:&;‘&J;nlslsog:é:';:;’:;’.r‘m‘a“d 152 1/2 minutes from the-point of’release of bombs. - Compound Damage. Any round fired into an undamaged.area or component may be given a single ;
= 2 'I‘he target [§-an area of 500 1000 feet, ] shot assessmer'xt. A round fired into a previously damaged area or component will result in compound- ]
”3. The bombslght - pre-set for 200 m.p.1; IAS and-any-deviation from-that speed at the time of re- S damage, and 2 "compound assessment” Is given to the combination of hits In the area. The compound R
“leaSe of bombs.would effect which is known as "C" damage. e . t assessments are used in evaluating the conditional probability for obtaining such damage in actual combat.

- 4, Eachrenglne has a: spring-loaded throttle on the carburetor that-will.maintain 30" Hg manifold
pressure in event the throttle cables are severed.

Cumulative Damage. Cumulative damage assessmenis are given for damage to the entlre plane in

! the phase being conducted. Thus Whereaé two hits on the same fuel cell may cause both compound-and
5. The aircraft flies to the target on fuel in.the auxiliary wing cells and has all Four main fuel ] :

d

cumulative damage, two hits on tanks on opposite side of the plane may be assessed singly and also cumu-

Damdge s -agsessed in the following four categomes chiefs. Their job calls for infinite patience and they have effectively increased the amount of data obtained N “3

cells full for the return to "base". . x5
(a) On twin-éngine.opération 125 gallons per hour are consumed. .A“ latlvelir where the resultlng damage to the plare is greater than would be expected from the single shot as<
) (b) On ‘single-engine operation 180 gallons per hour are consumed. ‘T ] e 2
. 8. Both pilots are as competent as possible, know all emergency procedures, and each member of ! Assessors and Proof Directors : . ‘ 8
ez the crew has a working knowledge of every other man’s assignment, H The validity of the terminal ballistic data obtained from firings against aircraft depends to a great
7. The aircraft is equipped with duzl surface-control cables throughout the fuselage ' extent on the technical knowledge and experience of assessors and proof directors. The men assigned-to
o 8. 'I‘he et ¢"landing area is-a steel mat 100 feet wide and 6000 feet long. ; "_ * this program have been careful and conscientious in their work. They have each contributed the independent
A 9. 'I‘he mlsslon is-to dfop 12°100-15 G.P, bombs on the target. Sl judgment required and have not hesitated to go far afield.for sources of iaformation which wonld sid-thom . A
: _"'sf;'.%ﬂ _Definitions of-Numerical Assessments L in improving damage assessments, Acknowledgement is also.due‘ic the assistant assessors and crew —J
- o ,‘: Py

"At-Damage-}s the probability-tiat-the atrcrast will start to fall.or go out of control within a period
-of five minutes from-the-time it is hit. The letter "K" In the A column denotes a crash immediately without 5

from any one plane. In certain instances they repaired over 20 fuel lineg in damaged jeb engines:ic-add -ong
additional round to the scanty data for such engines. The assessors, assistant assessors, crew chiefs and

any reasonable doubt, The létter "KX" in'the A column denotes a crash immediately without any reasonable . proof directors connected with the program from July 1946 to December 1946 are listed below in Table 2.
doubt and in addition denotes complete defeat of the attack. Such a designation will indicate for example = ‘yi L
that a-Karnikaze-attack upon a ship will be defeated. A kill of 2 fighter pilot would be a "K" kill; an explo- i

sion disintegrating the plane would be a "KK" kill,

?‘ s 1 @ TABLE 2
f, “B" Damage is the probability-that the plane falls to return to base as a result of the assessed dam- Assessors and Proof Directors 96 ’ -
“ age, the base béing two'hours away. This probability includes the five minute period immediately after the Assessors
i g . burst as-well as the time required to return to base after the five minutes have ¢lapsed. Thus "B’ damage ;f : 5; Name . Speciality Organlzation ¢ .
3« a'ssessments-wm always bz equal to or larger numericaily than "A" damage but will never exceed 100%. ii ' Col. M. Vgson Engines Powerplant Lab, AM.C. Wright F1d., Ohio '
{ - ‘The sum of the"A" and "B" damage may exceed 100% and an assessment of 100 "A" tmplles an assessment [ 1\1\?. % l\g/{t:x; " %t;\::tures ﬁggﬁi: i:};- %’;igﬁ: gig, 8;1:3
] . ;o r. R. innie . o
! also of 100 B, ? Lt. Col, M. Brennan-RA 33154 Engines Powerplant Lab, Wrxght Fld.. Ohio
l . 'C" Damage 1s:the probability that the particular attack wil not be complated 1t is- possxble to have g' l;fach._ {‘).,s‘;;h;;.;lr- P gng‘gnes gﬁ;ve:‘flsfn; ':;;lb \gzggi\x’t Fld., Ohio
el 5 ronr T e t. Comdr. ar ngines e f 0. 4 avy
,_."__ . "¢ ' damage although.no "A" i "B" damageexisls, Thus, damage to guns, bomb release riechanism, controls ; Mr. E. Skralskis Structures Alreraft Lab, right Fld.; Ohio
= ) whose.loss would Interfere with the-prosecution of the attack, or personnel involved in-the attack, would E Lt. M. G. McKInney (USN) Structures Bureau of Aero. U.S. Navy
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- TABLE 24f6NT'D)

i

- Speciality _ B .Organization
N Strictures Aircraft Lab. ~ Wright Fid., Chio
.. Structur&s - --  ‘AlreraftLab. ~°  Wright Fld., Ohlo
" . Engines » Poweérplant ; Wright FId,, Ohio
Structures- Afrcraft. Lab, Wright Fld., Ohio
Pic. H, Miller Engines : Powerplant Lab. Wright F1d;, Ohlo
Pfe. B, Coffman Structures Alrcraft Lab. Wright F1d., Ohio
<R Rotstant == Englnes . . A&A Division. Aberdgen Prov. Gd.
“CaptoD. Milles . - .Structures: A%A Division Aberdeen Prov, Gd.
1t: A. BsThomas Structures AZA-Division Aberdeen Prov, Gd.
. [~ .
> Assistant Assessors: -
M/Sgt. A. Curry: Structures Middletown- Air Depot
T/Sgt.. M. C. Murphey Structures Middletown Air Dépot
*© M/Sgt. J.:P. Portér Structures Middletown Air Depot
. . M/sgt.A.7. Bezek Engines -Middletown ‘Air-Depot
. Crew Chiefs
.o, . M/Sgt. O’Malley
S 2/Sgt."Billey
o ~M/Sgt. McCormick

-0 © M/Sgt..Brosius
o 3£/8gt, LaForge
14/8gt. Snyder
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VULNERABILITY OF COMPONENTS

In-this section of the report wiil be described the vulnerability of various aircraft components as

obtained from firings in the Optimum Caliber Program,

1. Engines

Firings against running engines expended 102 B-25 and 24 P-38 engines in the period covered by
this report. In addition 15 P-47 and 12 B-17 engines had bezn previously expended and the results sum-

marized in BRL M 437, 1 July 1946,

vgl’ -
|

i - gines,. Series R-2600-13, or -29, drive the three
; - __Pr.opener.s: Each engine {S.00ninnad war

crank case in two rows of seven cylinde

a, Description of Targets

.

The B-25] medium bomber is a mid-wing lana monoplane. Two radial air-cooled Wright en-
-bladed full -feathering Hamilton Standard Hydromatic
eguipped with iis own fuel and of) system, The 14 'cyl';‘nders are.attached to the
TS each. Ignition is supplied by two Compensated Scintilla SF-14LN-
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- rotaticn. The righi ehgme 1s a type V-1710-111 Wwith cleckwise propeller rotation. Two-G.E. type B-33 ex- .3
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3 magnetors-attached to the supercharger rear housing cover. The right hand magneto fires.the front spark
plugs and thé left hand magneto fires the rear spark plugs. Views of the B-25]-and the-R=2600 engine;.the
ofl.end fuel system-are.picturés in Figs. Bl1-B4, Appendix B. s aes
The P-38L is a twin-boom, single place mvniplene fighter powered by two 12.cylinder "V"
type liqui'd-cooled Allison engines. The left engine is a type V-1710-173 with counterclotkwise:bropeller

haust -driven.turbo superchargers aré mounted-in each forWard boom. A Cirtiss electric, full featliering, b
three bladed propeller Is instalied in-each engine, Each engine ignition system consists of 4 dual, high. . C 3
tension magneto, bvoster cofl, two distributors, ignition harness, 24 spark plugs-and an ignition switch,
The engines are liquid-cooled with. ethylene glycol by separate cooling systems. An Independent pressure-
lubrication system provides oil for each éng'me. Included in each system is an oil supply tank, pressure
pump, oil strainer, scavenger pump and.associated accessories. Views of the P-38 airplane-and:is-en-
gines are presented in Figs., B5-BS, Appendix B,

The P-53 Airacomet fighter is a single place, midwing, land monoplane pov;'é‘redrl?'y_ﬂﬁxg_.o;_ .

General Electric 1-18 Jet Propulsion Units: Thrust is.obiained.by jet propulsion. The I-18-is an iaternal
combustion.gas.turbine engine (see Figs B9-B12, Appendix B). Each engine has a controllable speed centri-
fugal compressor with double-flow itapeller. This compressor is mounted on anti-friction bearings on the
same shaft as the turbine. The compressor takes in the rammed air from the engine nacelle, comprésses - - e
it, and discharges it into the 10 combustion chambers, Here, it is.mixed with kerosene sprayed under high
pressure into the aft end of each chamber, and the resulting mixture-burns with a-very hot, continuous fire
in a similar manner to the contimious-fire in.an oil furnace. Since the fire is continuous, no spark plugs
are-needed except for starting. The hot exhaust gases of this combustion pass, by means of 2 duct in the
forward end of each burner, through the turbine wheel, causing it to revolve con':i::wziélf;, The:ccmprcssor,
being on the other end of the-shaft (which is the only major moving part in the engine) is thereby driven by

The hot gases

the turbine in a self-sustaining process which continues as long as fuel and air are availahle,
pass through the turbine, their direction of flow is straightened by the tailcone, and they then rush out of

the tailpipe at extreme high velocity. The speed of the compressor is controlled by the throttle, which regu-
lates the amount of fuel injected into the combustion chamboers, and consequentiy the fiow of gases through

the turbine.

A description of the P-47 (R-2800) and the B-17 (R-1820) engines and a detailed description
of the method used in firing against engines, are contained in BRL Memorandum Report 437. Views of these
engines are presented in Figs. 13-17, Appendix B. 5

b. Method of Firing and Assessment
1) Reciprocating Engines 2
The-erder with.whichrounds-impact on-ihe-VaFiGus parts of an engine is-important in

any Getermination of the probability of arkill, becausa of possible cumulative damage. For this reason.the
engine is divided into a number 6f sections of equal presented areas to which random numbers are -assigned,

CONFIDENTIAL

~ei - sy o P R e v g s e Gt ey e
L .« = . 5w s - N , e p D 5o .
g o Lo 2o N , o= of i_—,:._,.— e ® L .{ Y, ﬁ B - 2R A
2 [ RV S E O T NN - o P
. . kY
. 5 -
~=
L
. . T ) e 0
- : A o -y e - . a
= = N R
2 y ° v
A - .~ - e
= - v
v s =
’l’ - ,‘.l " - ?“-
“ . Y =



" CONFINENTINL:

>
°

v

y = =5

— 3 Y ; T——————
; o - - »
sres S “5 o6 Games R ““--az%in ;-zrd",'n 5ra=r. :zch engine iszivenanew set of random rumbers which

- gaéxe;ﬁ fmﬁ:ﬁdﬁ’x’i w wﬁm z.« = 40 fhe- ;:im{rg poinzfor any *pamcular round. S.mgle shct dareage.is ag-

+ .:.‘ Jxﬁ cpmv.ﬂatlve damage &l soandaisnade.

g

-=-=1M!?m£&*n c{ L*.&d«%iis-wfﬁ"“*msms st be:madefor damage to
:ﬂ s m gf 2 z,..;f ..gh..éd— r.:a::e ,f ascecsraents of such engine damage were made as.apslied.lo the
' W.aﬁe t:v.r.ewa.linf hwvez sencitive meam:e of damage,; smf*e animmediste kil on tis engine
" wponld et :ef,:_ 3’11 2:2 izmediate KIL on the plane oF efenfzecessarlly in 2ny ¥ A oz or "2" Jamzge to the air-

- =zraft. Hemﬁ- (3 mz:;ﬁ—ezg’nsd aircraf, A" and " zss%amenls of. enginn damage.are! u:eferre:i to the kifl-
" g of w&ewmaess “-ﬁwfihm"m rezioctivarimeiittervdls and not to'the €ntiré:direraft, J.bexesul!s may

RS, ;g-gcw-w-e,m.:&é.,w .uoumu.ar.;sz.xy o chianeproedilities-for Eiiiifg the plane sy hits on more than

ne engfx:e."’.’ﬁe 0 ard "E" "’ﬂ::smez;t_s In these casés still refer to the aircraft as.awhole.

2} Jet: z.zzgz..e:s

j Firirg zgainst jet-propulsion units installed in dircrait requirés a procedure different
A ‘ ‘ N ® frem that £5r resipreosting engines. Thisis necessary because the supply of jet upits for these tests is

i Mimited 2od (t ta therafave required torepair damaged unils after each rouhd, if practicable, In order to
cbtzin 2 mazimum number of single-shot assessinents, firings are conducted-against the least vulnerable

Z
zonpinents first

Firfnz for compound damage is here sacrificed in order to obtain.as many single-shot
e 2ToecIments 52 p::si:.‘e, The information obtained from such firings, while not very extensive for any one  *

. o Laleer, witt be <f grest value when coupled with controlled damage experiments conducted at Wright Field = o
[2r i ¥4 $r 3.‘.'.’.2&2'»«1 Lommand.of the Army Alr Forces.

The physical set-up for firing of jet units diffefs from that for firing reciprocating
enginec. £ slave engine Is used to provide a ram for the unit. In addition, certain instrumental readings

Lasomie ngzecaary for damage dssessment. The r.p.m. of the turbine, the-tatlpipe temperatuse wid & meas-
e e e GESITUSL 150 27 cotained. The firing position for firings against P-59 engines is shown in Fig. B1S,

z

e A1pendis B,
;: c. Supplementary Tests

BRLM 437 contains = description of a test to determine engine running tlme after the loss

$est was made with an R-2300 (P-47) engine and with two R-2600 (B-25) engines. In view of
these Leats on engines with ofl completely shut off,

—— ~ 8, i

b3 544

the assessors considered they wére justified in assessing 5
o1} 1528 4t niot more than "B" damage, regardless of amount, 1

i‘ - Similar tosts were run with liguid-cooled V-1710 (P-38) engines to determine the running
5 . time after 1652 of eoolant and. oil The assessors’ deseri ption follows: B
"
Both engipes Were given a preflight and daily inspection and each engine was run for ap- i
provimately § minutes until the of) temperature, manifeld pressure and coolant tEMPeratirs readings were L

2nd making its attack, - -

“The. o8 43 if the aircraft was in fligts
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The.right engine weas-then-shut-off and: the-coolan. drainéd:irom the enging, The engine was
restarted and run at 2300 r.p.m. The engine started to cut and 'slow badly after 3 1/2 minutes, After 14

minutes of continuous running the engine.caught.fire, It.stopped frcm fire-damage after 18 minutes.

The left engine was then drained of both ofl and coolant and run at 2300 r.p.m, It started
losing power after 2 1/4 minutes and seized-after 2 1/2 minutes running time,"

d: Results of Firings Against Engines

1) Confidence Intervals

The primary limitation on any ‘conclusions to Le drawn from firings to date is.that of
samne size. It is desirable to measure the probable influence of sampling fluctuations, and-this-can:be
done by finding the confijence limits fer-the estimates of damage, Gonfidence limits are vaives.based on a
sample which will include between them the true probability of damage a preassigned-fraction of the time
{called the confidence coefficient) in repeated sampling.1 Most of the results in this report are presented
in.the form of probabilities, These probabilities are usually quite small and in general are sufficiently dis-
tant from the value of £0% so as tp make the underlying binomial distribution an asymmetrical one. Itis for
this reason that confidence intervals rather than probable or standard errors are used to described the prob-
able influence of sampling fluctuations. The non-normality of the binomial distribution for small sample
sizes and extreme values of probabilities renders the standard error confusing as a descriptive measure
for the purposes of this report. Moreover, a comparison of confidence intervals for results obtained in two
different tests serves as a useful guide to the statistical significance of differences in averages obtained from
the two samples. The confidence intervals used in this repo¥t are oaes_d'on a confidence cuslicient of 95%.
Thus 2.5% of Lhe time the true probabilities of a kill wonld lie below cur lower confidence interval-and.2.5%
of the time they would lie above our upper confidence interval. ’

2) Description of Results for Reciprocating Englnes

The damage assessments to‘various types of engines are summarized in Tables C1l
t*rogh C9, Appendix C. The results are illustrated in Figs. 1 through 7. The "number of hits" referred to
in the tables of Appendix C pertain to the number of fair impacts on the projected area of the engine, A
fair impact is one whose effect could be assessed-as single shot damage.

It is evident from the firings against -engines observed to date that the cumulative "A"
and "B" kills were largely the result of damage caused by a single round. This fact, coupled with the rela-
tively small probability of getting large numbers of rounds into one engine in combat, resulted in the de-
cision to omit analysis of cumulative engine damage from the-present report. It is hoped that the effect. of

cumulative damage to engines may be fully summarized in a report on engine damage when all firings
agalnst engines are completed.

1 For a fuller discussion of the. lnterpretation and methods of computing confidence intervals-the reader is

referred to "Mathematical Statistics”, by S. S, Wilks, Princeton University Press, Princeton, N. J., 1943, pps.
182-123. .
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3 . o cool‘"‘"t‘ »‘maddition, 4t represents=a source of "A" damage-in that t1ié-coolant, ethylene glycol, is inflam-
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o ='1\he tables"of 'Appendh(c and the corresporfding figures serve-to illustrate'the mpor-
iance to. engine vﬂlnerabiiity oNhe,llne of Hire, and of the: engine type. Thus-the B-25 engihe displays greater
5L__vulnerabiiity. especiailynoticeabie for.thé. Cal 0 50.AP.I-:[‘,.M2O and. the-37mm’HE, M54, When fired upon

. from the*rear and. beiow as compared. to- fire; from rear and above or from'the -front.
1w 0 = ) 'I‘he various air-cooied reciprotmt.ng type- enginés (B-25, P-47,.B-17) display in
o general, the same order of vulnerability. The combined resultg: for these three type of engines are presented

. < in ~Tabie QB, Appendix C and Figs. 5:and 6. “However, the. iiquid-cooled reciprocating engines (P-38) and the
Ny 5 jet englnes (P-59) arefar moz:e vulnerabie than the air-cooled” reciprocating engines (see'Tables.C1-C10,
Figs. 1<7) 'I‘he»ain—cooled engines suffer far-greatél "B damage than "A™largely due to the vuinerability

i
- of the iubncation system. Large oii damage, obtained quite often with even the smallest caliber used in the 1"'

et

g program, will'hot-result in an engine kill in five inutes or:less ("A" damage) but will definitely cause the

o [

B “‘;eTiigme-iovswp'wnnm ThETwWo Hour” lim"it”'d”f"ea for "B" damage. The liqud-cooled engine has thé additionat .
handit,ap of the cooling«system. 'I‘he cooling system contributes to "B"'damage when damage causes loss of !

a mabimandwm support fires.large enough for an "A" kill,

: ' - N : =\
Rt Syl L i ngntiicant.ton.ls-thexelative Jow-vulnerability of the B~25 engines‘when fired froia R
the rear and. aSove (except t6 the German 3cm.) The installation affords large protection to the engines and &
o most .rounds are>effect ively rendered harmless by-the intervening structure, especially the main spar. The -

German: acm, ax‘ugh carpacity round was assembled with delay fuze during most of the B-25 engine firings Gt
. erom the. rear whereas it.had a superquick ‘fuge,for firings from the front. The greater damage with delay - .
5 :fuz wa' ap;a:ent tbrougnout the -firings and accounts for the fact that this round appeared more effective - )

engigg:_; fromn the rear and abové I‘han front and-below. Firings are now being conducted with both S
: “‘L erquick and de‘ay fi-zes'for this round. and-the comparison.-of effectiveness will be preseated upon their

-completion- Alsoof interest is. the comparison. of: the two Gel. 0.60 rounds (APY and Incendiary) against the K

l_qutd—cooied,P 33 ensine. Thé-armor-piercing incendiary round is relatively more effective when fired
N St‘oxfi-.the ffotit, Where-it can penetratetothe cooling system more easily than the incendiary round. How-
. ei)'e'r the incéndiary: ammunitiex_r {s more effective for firing from the rear and above with the cooling sys-

‘tem edsily-accessivle to it. . ¢
3). Engine Component Damage
One important'by-product of the optimum caliber firings is information regarding the =
relativesvulnerabilities of:the varlous aireraft components and sub-components. By use of a coding system ~ ! H
on*thfiriig records-the-damagpe-tuorefiging componeiis-was classified. The results are presented in Tables =
iG12 through C19 in Appendix:C. There afé listed:n these tables, for each type of engine and ammunition »
. employed; the relative frequenc:v of hits on the component (several may be hit with one impact) and the & 5.
maximum, th2 mintmum:and the average assessment.assigned to hits on the component, Glassification:was ‘-;-ér"'—:f'j
“made. withkrespect to the components.themselves.and-also with respect to the functional system affected by v J
;the.da.mage. Thus the o1l cooler is a component 'which affects the lubrication system, ’ o
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In gerieral, the most prevalent sérious functional damage to air-cooled engines is to
the lubrication.system. Liquid-covled engines are, in addiuon, very suscepiibleto coolant darmage. It
should be remcmbered that impacts were distrituted randomly over the presented area-of the engine, There-

fore, if some obviously vulnerable part is not reflected as-a serious source of damage, it is probably too
small or well-protected to-be hit often. 4

4) Vulnerability of Je! Engines

44 General Electric I-16 jet engines installed in 22 P-55 Lwin-jet fighters-have -been
receivedfor use in the Optimum Caliber Program. Of this numhar 2 total of 5 planes or 10 individual jet
units have been expended. Recause of the limited number of jet engines available for test, the méthod of fir-
ing has been modified. The least vulnerable areas of the engines are fired upon first. Subsequent rounds
are aimed at areas of increasing vulnerability until a single shot killis obtained. Table C10, Appendix C,
and Fig. 7 summarize the results of these firings.,

Upcn the instructions-from the Office of the Chief of Ordnance, the Cal. 0,50, API-T,
M20 firings were supplemented by firings of the Cal, 2,50, Inc. 23, and-the Cal. 0.50; APT, T49.. The latter
two types are 00 grain projet:':tiles with-a-muzzle velocity of about 3450 f/s compared with the 675 grain
M20projectile, which has a muzzle velecity of about 2950 £/s. The heavy API, M20 and the light incendiary
M23 appear to be equally effective, both projectiles being superior to the light API, T49 projectile.

t is considered that the vu]xierabtiity of the jét engines is sufficiently important to
warrant a detailed account of damage. Table C11 presents the chief sources of damage for each impact on
the engine projected areas with the various types of ammunition employed. The German'3 cm high capacity
HE shell was fired into a.dead engine. The resulting'structural damage to the engine clearly indicated an
immediate kill, This round contains the equivalent of 1/4 1b, of TNT and the blast damage was of itself
sufficient for a kill,

- Both the 20mm HEI, M97 and the German 3 cm shell were statically detonated in various
positions inside the taiipipe of dead 1-16 engines, Since no information is presently available regarding the
significance of various sizes of holes along the tailpipe, it is proposed to conduct a controlled tailpipe damage
experiment which will yield the loss in thrust resulting for such damage and 4150 the temperature distri-
bution in the vicinity of such holes. Tallpipe damage may thus be evaluated for various types of shell with-
out the ‘expeiiditure of any Of the scarce jet units,

Controlled burner damage experiments have been conducted by the Air Materiel Com-

raan, Army Alr Forces at Wright Fid., Ohlo.1 From these and other battle damage tests, 234 it is hoped
1"BattieDamza.ge to a General Electric J-31 (I-16) Jet Engine by Actual and Simulated Guafire", Air Tech=
nical Service Command, Army Alr Forces, TSEPP-506-118, 26 June 1946,

2"Heat Fire and Battle Damage Characteristics of Turbo-~Jet Installations", Alr Technical Service Command,
Army Air Forces, TSEPL-525-299, 1 September 1945,

3"P-80 Battle Damage Tests", ATSG, Wright Fid., Ohio, 9 October 1946, .
4"Vninerabiiity of Turbine Engines-Second Running Trial", Orfordness Research Station, O'R.S, F, T357
June 1946,
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gility oi diﬁ‘erent models:g'f turbo-joﬁ’engines to varipus “types oi ammunition,
== .
It is hoped to present a deaziled analysis: and summary of jet- engine damage tésts con-

e

e =

ducted at Abérdeen And elsewhere upon completion of the curtent series. of firings, Study of the effect of
blast and fragments=in addition to impacting mics{‘les is contemplated The probable effect of changes in
}ugbo-j et-design and .of mumple jet nacelle installatxon on jet vulnerability wiii also be treated. In.particwar,
- the large contribution of fusl damage to the I-16 yulnerability must-be considered:for any. extrapolatior to
other - jet engmak}l&pes, such as the 1-40, where there-are smallér presented areas of fuel lines. The Aberdeen
‘-?rovlng Ground firing records contain higﬁly detailed descriptions of damage to the G.E, I-16,

.2, Fuel Tanks
A total of 28 P-38, 4 P-59 and 13 B-25 aircraft were expended in firings against fuel
tanks in the.period covered-by-this Teport. 53 A-35 aircraft previously expended in fuel tank firings were
reported in‘BRL Memo, Report 437.
For the pu_z:posesof this program, the fuel system is defined as the fuel tanks or ceils

and“fuel.lines- exclusive of fuel lines in the engine accessories section. Damage to the latter is assessed
‘with engine.damage.

‘ 2, Description of Targets

The B-25 médium bomber has an independent fuel system provided for each engine

(séeFigureD1, Appendix D). The chief soiirces of fuel.supply are four large seli-sealing wing tanks called
thermain tanks. 'I‘Qérg are.lwo.main tanks locatedin each wing center section between the-fuselage and the
en_g’ine.nacelle. The front and rear main tanks in each wing are ‘interconnected oy a line which extends from
the-rear-tank to-an-adapter-mucunted onsthe front tank, to which an electrically operated booster pump is
attached. Six additionai fuel cells are provided as auxiliary tanks, three interconnected cells in each out-
board section of.thé wing, The B-25 S is also sometimes equipped with a self-sealing fixed bomb bay tank,
; A bomb bay droppable tank constructed of aluminum alloy is
often bolted to the support-of the fixed bomb bay tank. It is assumed that the bomber under attack in this re-
port does.not contain either the fixed or the droppabie bomb bay tanks. The front main tanks each have a
capacity of 184 gallons; the rear main tanks each have a capacity of 151 gallons) and the three auxiliary tanks
in each.wing have a combined.canacity of 152 gailons.

located in the upper portion of the bomb bay.

The P-38 fighter has an independent fuel system provided for each engine {see Fig. D2,
Appendix D)., The chiéf sources of fuel supply are two main tanks, one inboard on each wing, each with a
capacm} of 93 U.S..gallons. In addition there are in each wing an outer wing tank with'a capacity of 55 gailons,
a reserve‘tank with a capacity of 60 gallons and a droppable tank with a capacity-of 165 gallons. All-the tanks

* with the e}'cephon of the droppable tank were used in the firing tests. Ali the tanks.used-were gelf-sealing.

et i s e =\ 2z

e

Fuel is supplied to each engine by an engine driven fuel pump and-an isdividual booster pump for each tank.
Thesetanks were used. for both ;asoline and kerosene firings.
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The P-59 jet aircraft used in the tests contain four self-sealing fuel cells ‘in-edch.wing
having a combined capacity of 290 U.S. gallons (see
75, 110, or 159 pallon auxiliary fuel tank under each wing., The fuél is supplied from the wing to the engine

Fig

2 8.

D3, Appendix D). Provisions are made to carry one

driven pump by conventional elertric booster pump. The main engine-driven fuel pump steps the fuel pres-
sure up as-high as B00 psi. "Line iosses” cause this pressure to drop to about 300 psi by the time it gets to ]
the engine, High pressurestopcocks operate instantaneously to.provide.a sudden spurt of high pressure.fuei
(45 to 50 psi) to the burners fer prompt starting and provide the quickest and most positive means of shutting
off the engines.
b. Method of Firing and Assessment

Al fuel tank firings conducted during the period covered l;y this report were against
fully loaded self-sealing fuel cells. Over the target the plane usually will have almost half of its fuel ex-
pended, and half the ceils are likely to be empty or nearly so, Firings against the A-35 fuel cells(sum-
marized in first report) were conducted with half the fuel cells surviced with only 7 gallons of gasoline, to
give a saturated vapor, However, the combustibility of the vapor-air mixture is critically dependent upon
the temperature. Tae mixtures in the freely vented cells are too rich for combustibility-at temperatures
aoove 20° F. It was evident from'the A-35 firings that outside of the dangerous temperature zone these
"empty" cells contributed negligibly to vulnerability, For JP-1 kerosene the dangerous temperature zone
exists at about 100°F. and higher (see Fig. 81). Temperatures at Aberdeen are too high for explosions in
gasoline and too low for explosions in JP-1 kerosene vapor-filled vented tanks to be expected.

il

For most fuel tank firings included in this program, rounds are fired singly and as-
sesment for any cell is made after each impact on it. All rounds, excepting high explosive or high explo- j
sive incendiary, are aimed at the projected area of the fuel tanks. The HE or HEI rounds are, in addition,

aimed at varying distances from the projected area in order to determine the contours about the tanks with- 3
irt which the round could inflict fuel celi damage.

Present fuel tank firings include the installation of a "slave" engine which provides a J
flow of air past the wing such as would be obtained in flight. Previousiy, assessment of fire damage was A
handicapped by the lack of an air stream, Small fires may be blown out by sach a stream. Information ob-
tained from the Army Air Forces indicates that a speed of 110 mph IAS could extinguish a surface fire {which e

blown out by such a stream. .

Particular care is taken by the assessors in designating as a compound assessment one ‘
given for a round impacting on a damaged tank or in an area into which fuel has leaked. The leakage from a
full fuel cell which is obtained without accompanying fire is assessec} according to the amount of fuel re-

lThis chart is reproduced from one cbtained from Power Plant Laboratory, Air Materiel Command, Wight
Fid., Otilo, A series of reports have been issued-by- -this laboratory which contain: detailed data on combus-
tible ranges of temoerature for many types of aircraft fuels. The tities of these reports were not available
af the time of writing. Also see TED No., NPG. 2509 = "Simplified Tests.to Determine the Vulnerability of
Jet Propelled Alrcraft Fuels,"'U. 8. Naval Proving-Ground, Dahlgren, Va.
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mainlngrfol ‘the trip back to home base, Theﬂspbsequent round into such a-cell.ls not cons:dered a-fair-round

&% " for theecalculatxon of single shot pl;obabxlity of damsge. However, such around-will yield useful information

> for the estxmation«pf compogngl‘,damage based. o the probabilitles of obtaining a fire when a round is fired

= into an already leaking cell, L =

Fuel tank firings are the most costly from the point of view of nuinber of fair hits per

< aircraft expended Because of tHetever present danger ofdosing the entire plane before-all the available

- fuel"tank informatlonns obtained it 1s corsldered best té fire at each loaded fuel cell oncé until all cells
havébeen hit. Thereupon, if these ﬂrst‘ rounds-have not demolished the plane, subsequent rounds are fired
in order-to obtain‘ the’probability of getting.cumulative-dam

N o) s Supp‘emr_ntary Tests

ageswhere-leakage already exists,

‘o -, Several tests now in progFess and also to.be-conducted in the-near .future are designed
to supplement iniormation obtained from firings against aircraft. Such tests are concerned with the actual
‘mechanies of'fiel tank igmtion and includé ignition of fuel tanks:by fragments. One such tést, recently
éo:mpleted, involved the detonation of a 20mm highexplosive incendiary round in the middle of a fully loaded
B-17 main fuel tank. The lack of fire:served to verify and emphasize the importance of ignition of-the va-
porized fue‘l'at the surface of the tank.

-d, Results of Firings Against Fuel Tanks
~ 'The single-shot damage data on gasoline and kerosene-filled fuel tanks are summar-
ized:in Table E1, Appendix E, Table E2 lists the corresponding compound damage, Tables El and E2 in-
clude-al} fuel tank-information: obtained in the period ending 1 December 1946 and repeats, for purposes of
comparison, results of firings against A-35 fuel tanks reported In detail in BRL Memo. 437. There have
_been-a large-number of firings against fuel tanks at 500, 1000 and 2000 yards, both from the front and from
the.r¢ar, in-the period sinée 1 December 1948 and it is hoped to summarize these in a later report.

] Tables E1 and E2 give the total number of hits obtained on the projected area of fully
loaded fuel cells and the-hits on thé projected area of empty fuel cells obtained in B-25 structure firings.
The next ¢olumn in both tables.gives the numbcer of hits on the projected area resulting in complete pene-
tration of at least one wall ofa fuel cell, The difference in the two columns represents hits on the pro-
jected area which did not result in cell penetration due to ricochet, break-up of round, or in the case of the
HE shell, ricochet or stopping of fragments. The high values of CP, or penetrations per hit on projected

e - - - I .
area, for the compound assessments are due to the fact that leakage of a tank may result in a fire upon
impact of a projectile even though it would not penetrate the cell. Although the resulting fire obscured

penetration all compound fires were classed as cell penetrations, The single-shot penetrations only are
used in later caleulations,

The next two columns in Table E1 list respectively the numbers of hits resulting in

- fires-(of duration greater than 1 second) and in leakage without fire, The Felative numbers of fires and

leakage per hit on Pl'Ojected area and per penetration and also the penetrations perhit onproj
1isteain

nhyi areg are

the vulnerability of kerosene-filled cells in the P-88 and P-SQ The smaller probabillty of obtaining fires with
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kerosene as against gasoline is significant. In fact, no single-shot kerosene fires were obtained with the
Cal, 0,50 API-T, M20 and very few with the Cal. 0.50 Inc M23, However, the lower’volatility of the kerosene
de2s not reduce the probability of obtaining compound fires (see Table E2) and, once leakage has occurred,
subsegquent impact would seem to cause a fire as easily as with gasoline. Although there were too few fair
impacts obtained against the A-3% fuel cell significantly.to demonstrate their greater vulnerability; never-
theless physical reasons exist for this-to be so, The main tank only was fully loaded in.the A:35 firings
and-this. tank is a relatively tall f-t_xselage tank, Consequently,.rounds usually impanted on:the:side-of the

tank rather than on top in firing from.the rear, with greater damage due to available fuel pressure at the .
bullet entrance hole.

The last four columns-in Table E1 list the average singie-shot "A" and *B*-assessments
given to those hits causing fires and .to those hits causing leakage without fire.

The last two columns in Table E2 list the average "A" and "B" assessments glven to
fires obtained in previously damaged cells. In each case the assessments pertain to the corresponding type
of alrcraft. It is clear that the relative frequency of fuel fires and leakage is. not sufficient as a descrip-
tion of fuel tank vulnerability, The severity of fires and-the location of fuel tanks are important to the over-
all vulnerability of the fuel system, Ingeneral, it appears that the higher the probability of causing a fire,
the higher the severity of fires when they do occur. The Cal. 0.50 arnmunition caused no single-shot fires
which had any chance of causing the plane to crash within five minutes, Among the small calibers, only the
Cal. 0.60 displayed the ability to cause any appreciable single-shot "A" damage through fires. This may be -
due to the relatively high striking velocity for this caliber, resulting in more two-wall penetrations of fuel
cells. The 20mm rounds resulted in fires causing good "B" damage but not enough for high "A". 1t is ex-
pected that this caiiber will show up much better infirings against the lower surface of the wing. The higher
blast effect from the 20mm rounds results in larger holes on entry into the top of the fuel cell, but no damage
to the lower part of cell in contrast to the effect of the Cal. 0,60, The resulting fires then are relatively
weak', not being fed by a stream of fuel, Often they are blown out by the slip stream of alr provided by the
slave engine. In firings from the front and below, it is expected that fires caused by the 20mm rcunds will
prove-much more damaging. ’

The firings against empty B-25 cells are tabulated in order to increase the sample slze
for penetrations of cell per hits on projected area.

3. Structures

All assessments of damage from 1mpacting projectiles not included under fuel tanks and
engines are defined as "structures” assessments. Damage to armament, personnel, ox'ygen bottles, instru-
ments, spars, surface, controls all come under this heading. 12 P-47 aircraft were expended .in structures
firing up to 10 May 1946 and results are summarized in the first optimurn caliber report. The present re-
port shows results for “structures" firings against 35 B-25"s, 17 from the front and below, and 18 from the

rear and shove, ’ )
a, Description of Target

Wooden dummy personnel silhouettes constructed of 7/8" sugar pine replaced the foot-

CONFIDERTIAL

,.""' W—Jn——:,—,r, e vee

- - o
b - ~* A
R R S R S

IR

n
il

e —id

e Lt

all

i s s




b > ey E o ‘_

’%c.’:*::?z:‘&.

P

»

e ot dreadabaged on current knmledys of wournd LaMlistics, The furies were frel wiz el o
=Y G

o

Y Mv@—MGW@; Laantion of gt crihe Jummy sréiade by 7enrs CEmritered 2 o

g 4l R 2 5 - H ) ) . 3
s . @ 5 ' = L i < - ¢ 3 5 x . * : N
g - R, T g o NMDERETRL e & w‘ ae ° O o o CONEIDENTIA p® 21
e e - T L3 ¢ ° [ ) s ) '
- . B T " e % 3 . [ ) . B TE A
F uit dumeaies Bat tn the early Y47 struglures finings, Ths chate perre el ax Blenme mepmme r % tary tests were conducted against the expended P-47 axrcrg to determine the contours of the fuselage
o . Ty @ y

o N
%08 gwithin whx.c_h fuel tank penetration could be obtained. The Im'orglation obtained from the limited number of
e P
P, Rﬁé?.asg'gtues firings.was insutficiént to obtain contours of any religbility, The data obtainedfrom this
[ ]
[N supﬂplementgﬁtes't was used to obtain the overall probability & a lgl'. on the P-47, as described later in
.. . L3

| oa "6

: -=gjwtyrmﬂs§é?ﬁmmpped with 1-6v 12 a1, 059 mackine guns, £705 wods sE T2 T2l 15T gl

3 - . AN D ? 2, ¢ o &
mm% Zud amrnenion chutay-and 1ive flares, drift and iz &z;r"z:a TFESE et -lnaa ? o° 'ﬂ'ui :eport.c_\ _ . ve 9
o . N . > ek I o ™y .
.\ 2% . 8.5, bhxbs were placedin position In the bomb bay, Low-precouretrere "’-»"’"21—5. Stles were S X 38% A ® % .d' Blast Tests . o .
o ,E“ fx gosteion, T -g!'\!!e bottfeswere loaded to the same presgure i ezch ©izge; e e oresre ol 5 e . @, large series of tests has been conduqte.q.& Aberdeen to determine the effect of blast
_'—:in . :,,-:wT ® 5 . | _. @ - b - 2 . N e
s __.z,',___&gyzj:_ffaxéwpﬁze, feom 60 pet by 450 pof, Mabiinel cells were water-f adar 3w eyt _,_‘i_ﬂ, . o from bare and cased charges on aircraft. These t.ests protndeea bas;;n for damage estimates for blast dam-
- ooty £or the strudinres firings; The enginsskad been previcuely-ers __'_' A :e: T B, v eg high eéplcfswe shell with small delay or superquick f;zes. addition they providze data on the
b P Lo¥ Lo e ® ‘ e ef blastIrom larger charges detonated at various distancesgfrom the target aircraft.” Of importance
. A 5 “Pagentire Do 05 wak murked of Ciir fivesfoet $inec, Tresmes =i8sd R AT . - to impact ‘ir’in§s isThe fact that by means of these blés.t {irings damage estimates may be made for shell
e e ® @ % @  not uséd in the®ptimunt caliber firings® even shell in the-dgsign stage of development. Similar blast tests

of et pid lzs served 25 a basis doy remaving bize-from tnegral Armteriors s aTs
= 3 - 5 - [} N

. ’ 5 . *
‘. haye bee.n:cggaucted agfinst B-17 engines and will be conducted glso against loaded fuel cells. 1t is hoped

Lentef prez <f the planes,

® ge o . o
. Lx . ; . , .
. Method of Piring and Assessment . . to presenferefu ﬁs in these other phases in the near future. ] @ ®
Q @ . é ®
Ctructore firiig is the most time-consuming g7 212 plzoss =5 e .° ‘: P ults of Firing Against Structures
! el O s Jo . : : g :
et ofwes glzoe end since z large number of hits are reguired for ezet sl _L-:—v:-' o . w Tables F1 and F2 in Appendix F present the average sssessments in each structures

] 3o
et Loz oF caieingl Tmvaledze and experience zre esperizlly regrired of s4—sm—es === . 0 zone ‘frofm roeazfo above and from the frgnt. The values in this table@@;de damage to persomnel. Results
» * .
o 2% presente?l to afford a comparison of damage to any gne zone for theseveral types of ammunition em~

% °¢ pjoyed. Only the "A" and "B" damage categories have been described in this report, "C" and "E" damage are

L] -
Tl piEne o umsrny et Ayraic and 2 more difficait jndgmeis refel B Sxmerox

Fezze Iz, Cnem I tZe nzze of engines or fuel.

Zziely veczuse of the nin-dyramis pature 57 58 o b encognteréd to a large extent in structures firing and it is hoped that information on the "C" and "E" categories
e Zoeaeds Tmmasring v varices places s ot very im;.*::ta:‘_?es ZisglE Sn ot o @ é’ag Ob:a presented in a following report on structures damage,
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